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ABSTRACT
Allecys 60 Crss0 Ni, 50 Cr:50 Ni, 10 Al:$0 Fe and 25 Cr:20 Ni were

tested for high temperature corrosion resistance to synthetic fuel old ash
yesidusss  Compared to Alloy 25 Cr:20 Ni; Alleys 60 Cr:i0 Ni and 50 Cr:50 Ni
i.ad superior corrosion resistance aflter loo.hours at. 1700 F. to both high
anadium and carbon bearing high sodium sulfate corrodents, Allcy 1041:90 Fe
rad inferior corrosion resistance to both corrodent media;. Resistance to
scaling of 60 Cr:40 Ni alloy after 685 hours of prolonged air oxidation at
2C00 F. was suparior to 50 Cr:50 Ni and 25 Cr:20 Ni alloys.
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SUMMARY PAGE

"o Problem
To determine the relative high temperature corrosion resistance and

M

ccoling characteristics of alloys 25 Cr:z0 Mi, 60 Cr:k0 Ni, 50 Cr:50 Ni ang

0 Al3%0 Fe,

lirdings
a. Alloy 60 Cr:A0 Ni had superior high temperature corrosion resise

t-onz2 to synthetic fuel oil ash residuss ond also supsrior resistonce to

high temperature scaling.
P. Alloy 50 Cr:50 Ni had good overall corrosion and oxidation

rcsistance.

¢. Alloy 25 Cr:20 Ni had inferior corrosion and air oxidation

rosistance,

d. 2loy 10 Ad:20 Fe had inferdor corresion resistance.

! cecansndgcdeons

Service tests be conducted with "dog bone" superheater support sections

fabricated from 60 Cr:L0 Ni and 50 Cr:50 Ni alloys.
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ADMINISTRATIV: INFORMATION
Tests -0 dgebermine the corresim roadat.r~c of heat resistant materials
o synthetic fuel oil ash rasiduoz - : . in Bureau of Ships letter

3 - -~

206 o(3ETY Ger 247-135 of 2 R 1% test, to de%eimineg

the relativ. corrosion vesistan : T b, H0 Ceil0 N,
O CrefD UL end 10 Al Fo o o : o5 resyduss, was aubliors

~ued by Bur:au of Snips letter Aduss.:l . . . - 7)) N6S-051-087 Ser 347 139
of 15 February 1956,

Costs were charged ©to Project Oz'def 60007/5G. The index nurber is
N&M-013-+120.,

This report covers part of an investigation of the high terperaturs
corrosion rcsistancz of materials and allecys to synthetic fuel oil ash

residuese
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REPORT OF INVESTIGATION
Jrizpiueiion
The Naval Boiler and Turbine Laberatory is conducting a research and
¢ Trlermint progrom to obtain metals or materials with superdor high tomera-

“ur3 cirrosion resistance to synthetic fucl oil ash residues. This

«veiv.tion test represents a phase of this prograx.

cetisnbion of Matorisls

:
P ot e

Toat materials were:

a. Alloy 50 Cr:50 Ni
Initial specimen was a 2" x 2% x 2-1/2" porous section of an ingot
casth for experimental test purposes,
b, Alloy 10 A1:90 Fe
Initial specimen was 8" x 1=1/8" x 1/8% section of plate.
¢o Allcy 60 Cr:i0 N
Tust specimins were cub from cast "dog bona" sections furnished for
; test,
d. Alloy 25 Cpr:20 Ni

Control spccimens of this material were machined from 1/2" wrought

Tnoorlor to ohnaln sowd spocinens from the spongy; porous sesiien of
T 001E0 KE 2loy, spscimon dimensions were reduced to 1/8" = 5/32" x 7/8¢,

Clir pllegs testuzd were also machined to these dinensions. All test

<obole aexeeph the 25 Cr:20 N zlioy were furnished the Laboratory by tha
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el: #lloy was welghted, puxtially-

< gy A R e <3 . pp . S s S o ot . 3T ., e B

iweoraed in corcelent wixtures contzined in percelain crucibles, and huntod
- - . - ~ ) - ~on.

cU 1TV Fe in an cloftrie fwmece for drcressing lengtlis of tlic uwp to

100 heurs. Spsecimens were romoved frem the furnace at predetermined time
intervals, descaled by coxbined mechaniczl and chemice) cleaning, agdin
wei.ghed and percent weight loss determined. Test conditions weres
Corrodents Useds
(1) High Vanadium - 5 G. (15% NapS0,°65% Va05).
(2) High Sodium Sulfate - Carbon Bearing 10 L. (S0% Na.zsokclO;S Y50
+ 4.3 G. Carboni.
Time Increments fors:

Corpcdent (1) = 1, 245, 4, 6, 22, L5, 70 cnd 220 ponws.

Temperature - 1700 F,
Kstals Tested - 25 Cr:20 Ni, 60 Cr:40 Ni, 50 Cr:50 Ki and JO Al:G0 Ie

Mt N Zad
BXRTAN gt TN

\
e les ard Rioteo inoon

inatein farnome 2b 2200 7. for 685 hours, Samples were removed yperiodicallv,

roretvniealiy eloantd oo 120w deose sosle and relnsealled L tae oo,
; RN CTOIIN SR PO AR AN JO. Toun o eonditions rao
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Corrodent - Aip,

Tima Incremeants for Veight Loss Determinations - 24, 95, 1?2, 288,
2%, 536 end 686 hours,

Tenperature -~ 2000 7.

Yatals Tested — 25 Cri20 Ni,‘ 60 Cr:40 Ni and 50 Cr:50 Ni.

Specimen Dimensions ~ 1/8" x 5/’32;’ x 7/8%.

Uiscursion and Resulls

Teeld specimea that could be salvaged from the porous, spongy section of
50 Cr:50 Ni casting were of dimensions 1/8" x 5/32" x 7/8%, Similarly sized
specimens weye michined from control alloy 25 Cr:20 M and test all-ys
60 Crsh0 Ni and 10 A1:90 Fe. Since this specimen size was greatly different
frem the usual 29 x 1" x 1/L" or A" x 1" x 1/87 specimen sizes, 100 hour
corrosivity vs. ¢ime tests were cenducted instead of the usuel tests of
5 hyirs or 20 hours derztion,

An dritind 300 hour tesh was ceonducted eb 1700 F. uaing corrcdents
(a) 5 G, (15% NaZSOhuss% V205) and (b) 5 G. (90% Naas()hclox V205) + 2,14 G.
Carbon. A suitzble range of weight losses resulted for all alloys tested
in hish vanadium content mixture (a). However, high sodium sulfate-carbon
Vo ochng ndrture () cmused 1ittls corrosion to auy of the alloys. Since
e of te3t specimens was limited, the same specinens used In caibon
heniding corrodent were gubjected to ansther 100 hour test and corrodent
nei i was doubled to 10 G, (905 NayS0,:10% V,05) + 4.28 G. Carbon. This
Lunt suelliciont corvocion resulind ke ailord eomplrizon of the four alloys-

ot ampmrs Yo be s Ldadioas g iny of reacianie re~snirzd to cavce

se-bipoted coricaion Jor syshem (G0 iiu)S.Oh-»m% V205) + Caroven,; the icuron
- . .

3

{
|
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for this phenomenon being unknown. Corrosion vs. time curves at 1700 F,
are shown for the various alloys in high vanadium corrcdent, Plate 3 and
high sodium sulfate carbon bearing corrodent, Plote 4. Test data is listcd

in Table 1 belows:

TARLE T
Corredent ~ 5 G. (15% Nap80, 0 85% V205), Temperature - 1700 F.

Speeimen Weight Less ~ Percent

Tim> - Hours

Aoy 1.0 .25 4O _6.0 22 L6 20_ 100
25 Cr:20 Ni  45.4  67.2 8L.3 90,5 100 100 100 100
momonon ~ - 79.2 87,4, 100 100 100 100

€0 Cr:40 Ni 7.9 9.5 12.4 17.3 3302 59.2 1.5 87.1
50 Cr:50 N1 7.2 2.9 13.7 17.1 35.4 60,4 4.3 100
10 AX360 Fe = - = - 100 160 100 1¢0

Corrodent - 10 G, (S0% MNapS0,°103 ‘V205) + 5.3 G. Carbon,
Temperature = 1700 F,

Specimen Weight Loss = Percent

M - S8 L6, 302
<5 Cr:20 Ni 100 100 100 100
nowon o n 100 100 100 100
60 Crif0 MNd 1.4 2.2 3.7 Tl
33 Crs50 I 2.4 3.8 P 6,2 10.4
1D A1:90 Fe 55,0 63.1 “0.1 72.5

Alloys GO Ci240 Bi and 50 Cr:50 M1 restst high vanadiuwa attack wuch
britop than do alloys 25 Cr:20 Ni and 10 ALl:9) Fe. Alloy 60 Cr:40 Li is
I
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somewhat more resistant than 50 Cr:50 Ni. However, both alloys are severely
cttazked as time increases nnd_cor;osion vs., time relationship is approx-
iznfely linear. The test specimens after descaling are shown in Plate l.

Corrosion resistance of 60 Cr:40 MNi and 50 Cr:50 Ni alloys to attack
causad by the high sodium sulfabe carbon bearing corrodent is excellent.
alloys 25 Cr:20 Wi and 10 Al:90 Fe suffer catastrophic attack in short
periods of time in this type corrodent. Specimens of 25 Cr:20 Ni alloy were
comnletely consumed during tﬁe first five hours of test. Plateau of curve
for 10 Al:90 Fe alloy after approximately ten hours ié typical for carbon
bearing corrodents and represents time at which corrosive sodium sulfide
is depleted. Allcy 60 Cr:40 Ni again appears slightly more resistant than
€0 Cr:50 Ni. The test specimens after descaling are shown in Plate 2.

Alloys 60 Cr:40 Wi and 50 Cr:50 Ni evidenced corrosion patterns similar
ts these of 25 Cr:20 Ni =lloy in both types of corrodent., In high vanadium
corrodent metal surfaces were substantially emooth and wniform as though
metals were being dissolved. However, in high sodium sulfate carbo.. bearing
rixture, corrosive atiack was more localized with heavy pitting in some
¢2s23. The 10 Al:$0 Fe alloy was consumed by high vanadium corrodent and
suff>ved savers penchration and embrittlement in high sodium sulfate carbon
“ioriva misturs in reletively shert pericds of time.

A prolongzd air oxidation test was conducted at 2000 F. to campare
relalive high temjsrature scaling resistance of alloys 25 Cr:20 Ni,

TLehD ML snd 50 Cris0 Ni. Tewt was run for 685 hours. Curves of percent

14 1233 va. tims in Plate 5 show {0 Cr:40 Ni to have best resistance to

s

Ll

ooz o33 with 50 Cr:f0 Ni next best and 25 Cr:20 Ni alloy

tersoi. Test daia 13 listed below, Table II,
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TABLE I1
Corrodent - Air; Temperature - 2000 F,

Specinen wWedrtd Locs - Pereont

Time ~ Houre

S 2i 96 192 288 - b2 536 685

25 Cr:20 N1 0,2 0.9 2.0 . 2.3 Lol 12.6 .1
Cr0NM 0.4 1.0 L3 14 L7 21 2.4
50 0250 M1 0.7 2.1 3.7 L.3 5.4 6.3 6.7

It is of interest to note that 25 Cr:20 Ni alloy shows less scaling up
to 424 hours than does 50 Cr:50 Ni alloy, then in the next iime increment
shows excessive scaling after which curve again assumes its previous slope.
Vicual observations of the test specimen substantiated the experimental data
cime2 it wes notized that at 460 how tims fncrement a thicik oxdde csating

coealid o grom Uiz 25 Ui LA specinon.

CGonglusions
a, Alloys 60 Cr:/0 Ni and 50 Cr:50 Ni are superior to 25 Cr:20 Mi slloy
in high tanparaiure corrosicn resistance to synthetic fuel oll ash resicues,

Lovrrre eromely resi

"

stant to sulficdes attack cavsed by carben bzaring

¢

corzadonts of high sodlum sulfate content. They are considerably more

T.sigiomd w0 corrodents of high vanadium content than is 25 Cr:20 Ni 2lloy.
Do Allor €D G40 1A 45 cersidered to have somewhat botier corrosion
thoace thia 2lloy 80 Ce230 Ni.

-

¢. Those ulloys also hawe better recistanze to hizh torsarafure scal.

[y

Sotitiade2s 35 Cierd o aller. Allsy €0 CrilD Ui s rore rosistant than
tiley 50 Cr250 Ni.

d, Alloy 10 Al:90 e has inferior high temperatuare corrosion

R
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oo vvlzidons
1, It is recommended thats
as. "Dog bonz2" type superheater support elcments be fabriczted fron
o2 Grahd 1i alloys and that those parts be service tested.

b. Allcr 10 Al:S0 Fe be considered unsiitable for naval use in

L-rhiy corrosive environments at elevated temperatures.




¢ ueT. TEST R-228
CRUCIBLE TESTS - IS
SPECIMENS ~FTER CESCALING
TENME 1700°F
CORRULELT £ |:~‘!—)‘5Q_'r85\/_05
——— —— - — . P

NTiAL SPECIMEN SI1ZE 7,8"% 5/32" % 78"

TIME 25Cr. 20Ni GOCR . 40 NI ' 50:1—1:50)4‘ o
HKS. —— - ““‘ —— - R —_—
N
. e 2 Ve ~ g S
Lameasss. : Ca Ll
‘ .
e 19
2.5 [~~~ SSm sha
ey [ AR A Al
4 | - 2F TENTEY
a [T T S TP L & i )
22 ’ o St s
e
48 (=]
AT
70 Loy
100 Syt
PLATE !
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Crucible Corrosion Tests of Alloys 25Cr:20Ni,
60 Cr:40Ni, 50Cr:50Ni and 10Al :90Fe in High
Vanadium-Corrodent

LEGEND
1—1 25Cr:20Ni
2—.2 60Cr:40Ni
3~ 3 50Cr:50Ni

Corrodent 5 G.{15% NaZSO4 85% V,05)
Specimen Dimensions - 1/8" x 5/32" x 7/8"

7T 17 177
S

1
80 7L "
{

- e -

10A1:90Fe consumed bet:gg_e_'ZO
' | ' Hrs.time

40

' I

Ratings 60Cr:40Ni Best

50Cr:50Ni Next
25Cr:20Ni Much worse !
“10A1:90Fe Poor =~ |
No curve. Samples were
consumed before 20
' Hrs, time

SPECIMEN WEIGHT LOSS PERCENT

20

0 20 40 60 80 100

TIME - HOURS

lo

P ATE 1




SPECIMEN WT, LOSS - PERCENT
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Crucgble Corrosion Tests of Alloys 25Cr:20 Ni, 60Cr:
40Ni; 50Cr:50Ni and 10 A 1:90F¢ in High Sodium Sulfate
Carbon Beariny Corrodent

\
: ! : B
L
; ] 4 ———""""—,
7 0 e e .f‘,v.,.u__-‘.. — - ; _— __—<!-— - - -———'1|
a4 ’ LEGEND ~
, ! ; 2~ 2 60Cr:40Ni :
: i 3~ 350Cr:50Ni i
i 1' 4—4 10AL:90Fe ;
e _. A
6014 T I | T
Corrodent 10G (90% Na,504, 10% V,05) + i
4.3 G. Carbon ;
Specimen Dimensions - 1/8" x5/32'"x 7/8" !
! | | E
50 " NOTE: 25Cr:20Ni Alloy was consumed (100% L'o's;r:
| before 5 Hrs. time interval {
| | |
S |
40 - T T - :
Ratings ' :
60Cr:40Nj Best ! :
50Cr:50 Ni Next - Very Good f
10Al:90Fe Very Poor ;
30 25Cr:20Ni Very Poor -_Worst —
‘
! 1
| .
| | !
| i | |
20 [p— e e 1 ' T
' |
! i
a |
) l |
R e b s e e e ._:_:_;.T_-a—-"d
10 ‘I — 3: l
H 3 __,__-'——""" 2 i !
: e !
L%:? _— | ' :
0 | 1 B

0 20 40 60 80 100

TIME - }{OURS

f
PLATE 4
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